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FLEXIBLE STIFFENER 

The present Invention concerns a stiffener for ?exible 
piping for use in a marine environment, and more especially 
the stiffener is designed for ?tting to a pipe conveying hot 
?uid at a temperature of above 80° C., for example, a 
hydrocarbon feed pipe running from a sub-sea Well-head to 
a ?oating oil platform. 

The ?exible pipes described above and in the form in 
Which they are manufactured in long lengths by the appli 
cant Company comprise a ?exible conduit composed of one 
or more layers Which are usually in a crushproof metal 
material, one or more polymer layers to provide impervi 
ousness and Which have heat insulation properties, reinforc 
ing Wires usually in a metal material coiled in the form of 
overlapped layers affording tensile strength, and a polymer 
external protective coating. 

These pipes may be damaged if the ?exible pipe is bent 
through a tight radius. 

It is recognised that in order to pre-empt this risk, the 
pipe should be ?tted With a stiffener comprising a ?exible 
casing in moulded polyurethane, designed to impart a mini 
mum curve radius to the portion of the ?exible conduit likely 
to be subjected to ?exion leading to the risk of damage to the 
pipe. 

This portion could be, for example, the end of the ?exible 
conduit joined to the end ?tting on the pipe providing the 
coupling betWeen the said pipe and the ?oating oil platform. 

The current lifespan for the pipes described above is in 
the region of ?fteen to tWenty years, during Which the 
stiffener must retain its stiffness in order to ful?l its function. 

HoWever, polyurethane has been found to age due to 
hydrolysis on contact With sea Water, resulting in a preju 
dicial loss of stiffness in the stiffener. 

One proposal to remedy this drawback consisted in 
increasing the thickness of the stiffener in order to strengthen 
it. HoWever, this increase in the thickness of the stiffener 
(Which is already heavy) leads to a higher cost and poses in 
particular moulding feasibility problems, due to the fact that 
it is impossible to mould polyurethane pieces Weighing over 
tWo tonnes. 

Another solution has been proposed, consisting in using 
a polymer of a different composition and having a higher 
hydrolysis resistance. HoWever, this solution means either 
that the composition of the polyurethane be modi?ed or that 
plastic materials be used, Which are less common than 
polyurethane and therefore are more expensive. In addition, 
altering the composition of the polyurethane or the choice of 
a replacement plastic material should not engender any 
doWngrading of the stiffener mechanical properties. 

Another proposal examined reducing the surface area of 
the stiffener exposed to seaWater, using seals ?tted to the 
stiffener’s axial ends, in order to prevent seaWater from 
reaching the interface betWeen the stiffener and the ?exible 
conduit. 

HoWever, this solution is not very reliable in practice, 
insofar as the stiffener is subjected to major and repeated 
elastic deformation due to sWell, Which may locally distort 
the seal or its seat and enable ingress of Water or humidity. 

The objective of this Invention is to propose a neW 
stiffener Whose ef?ciency is improved in terms of lifespan in 
a marine environment, Without this improvement neverthe 
less leading to a notable increase in the Weight or manufac 
turing cost of the stiffener, nor in a notable doWngrading of 
its mechanical properties. 

The Invention does this due to the fact that the stiffener 
incorporates the means of dissipating the heat at the inter 
face betWeen the stiffener ?exible casing and the ?exible 
conduit. 
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2 
The term “interface” should be understood in the Wider 

sense as designating the annular area betWeen the ?exible 
conduit and the stiffener ?exible casing. 

The inventors found that by limiting the stiffener tem 
perature at the interface With the ?exible conduit, the rate of 
hydrolysis of the polyurethane Was considerably reduced, 
and consequently its ageing Was reduced. 

The temperature at the interface is in fact, due to the 
absence of a means of limiting the heat on it, relatively high 
due to the length of the stiffener and the temperature of the 
?uid running through the ?exible conduit, in spite of the 
longitudinal heat conduction of the ?exible conduit’s metal 
reinforcing Wires, as the Wires are insuf?cient to dissipate 
the heat at the interface betWeen the ?exible conduit and the 
stiffener by conduction. It is therefore possible, With this 
Invention, to signi?cantly reduce the temperature at the 
interface and in this Way to delay stiffener ageing. 

In a preferred version of the Invention, the said means of 
dissipating the heat comprise at least one Water circulation 
channel inside the stiffener. 

The Water circulation channel is capable of retaining its 
total effectiveness over time, in spite of immersion in a 
marine environment and the risks of the channel blocking 
due to marine animal accretions or the accumulation of 
organic matter. 

One explanation for this resides in the fact that if 
blockage of the Water circulation channel inside the stiffener 
commences, the temperature of the Water in the channel rises 
to over 40° C., the maximum temperature tolerable by 
underWater fauna, Which are thus eliminated from the chan 
nel. If, nevertheless, the channel cross-section available for 
the ?oW is reduced, the Water temperature Will increase and, 
due to the thermo-syphon effect, the ?oW through the 
channel Will increase, thus limiting the increase in tempera 
ture. 

In one special version of the Invention, a number of 
Water circulating channels run through the stiffener, the 
distance of Which from the inside surface of the stiffener 
over the ?exible conduit is smaller than or equal to the 
diameter of the said channels. 

Ideally, the distance betWeen the Water circulation chan 
nels is smaller than or equal to tWice their diameter and 
preferably equal to their diameter. 

Ideally, each Water circulation channel leads to the stiff 
ener internal surface over the said ?exible conduit. 

In a special version of the Invention, there is an annular 
gap of betWeen 2 and 16 mm at the interface betWeen the 
stiffener and the ?exible conduit. 

In a special version of the Invention, the said means of 
dissipating the heat at the interface betWeen the stiffener and 
the ?exible conduit comprise at least one metal insert 
capable of conducting the heat from the radially internal area 
of the stiffener to the exterior. Ideally, the said insert 
comprises an external ?n to enable thermal energy dissipa 
tion by convection and/or radiation. 

In a special version of the Invention, the said means of 
dissipating the heat comprise an intermediate part located 
betWeen the stiffener ?exible casing and the said ?exible 
conduit. 

In a special version of the Invention, the said means of 
dissipating the heat at the interface betWeen the stiffener and 
the ?exible conduit incorporate a means for establishing the 
forced circulation of a cooling ?uid betWeen an energy 
dissipation component on the outside of the stiffener and a 
part used to evacuate the energy at the interface With the 
?exible conduit. 

The application of the Invention is advantageous When 
the temperature of the hot ?uid inside the said ?exible 
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conduit is between 80 and 200° C. and the stiffener length 
is over or equal to 1.5 m, and more especially When it is 
between 2 and 3 meters. 
A further objective of the Invention is to provide a 

?exible pipe ?tted With a stiffener as described above. 
Other characteristics and advantages of this Invention 

Will be brought to evidence by reading the detailed descrip 
tion beloW, examples of nonlimitative versions of the Inven 
tion and on examination of the appended draWing, in Which: 

FIG. 1 is a schematic vieW, along the longitudinal cross 
section, of a ?exible pipe ?tted With a stiffener in compli 
ance With the state of the art, 

FIG. 2 is a schematic vieW, along the longitudinal cross 
section, of a stiffener in compliance With a ?rst version of the 
Invention, 

FIG. 3 is a schematic vieW, along the longitudinal partial 
cross-section, along cross-section line III/III in FIG. 2, 

FIG. 4 is a schematic vieW, along the longitudinal cross 
section conforming to a second version of the Invention, 

FIG. 5 is a schematic vieW, along the longitudinal cross 
section, of a stiffener conforming to a third version of the 
Invention, 

FIG. 6 is a schematic vieW, along the longitudinal cross 
section, of a stiffener conforming to a fourth version of the 
Invention, 

FIG. 7 is a schematic vieW, along the longitudinal cross 
section, of a stiffener conforming to a ?fth version of the 
Invention, 

FIG. 8 is a schematic vieW, along the longitudinal cross 
section, of a stiffener conforming to a sixth version of the 
Invention, 

FIG. 9 is a transverse partial cross-section, along line 
IX/IX in FIG. 8, 

FIG. 10 is a schematic vieW, along the longitudinal 
cross-section, of a stiffener conforming to a seventh version 
of the Invention, 

FIG. 11 is a transverse cross-section, schematic vieW, 
along line XI/XI in FIG. 10, 

FIG. 12 is a schematic vieW, along the longitudinal 
cross-section, of a stiffener conforming to an eighth version 
of the Invention 

FIGS. 13, 14 and 15 are the respective, partial and 
schematic transverse cross-sections, along lines XIII/XlII, 
XIV/XIV and XV/XV in FIG. 12, and 

FIG. 16 is a schematic vieW, in longitudinal cross 
section, of a stiffener conforming to a ninth version of the 
Invention. 

FIG. 1 shoWs a pipe 1 ?tted With a stiffener (2) recog 
nised as such and described for example in international 
publication W0 92/ 12376 by the Applicant. 

Pipe (1) comprises a ?exible conduit (3) ?tted to a rigid 
connecting endpiece Stiffener (2) imposes a minimum 
curve radius on ?exible conduit (3) and avoids damage to the 
latter due to bending. The length of stiffener (2) is deter 
mined by the length of the portion of the conduit Whose 
curve is to be restricted. In practice, the length of stiffener 
(2) may attain three meters. 

In the example described, stiffener (2) has a ?exible 
casing (5) in moulded polyurethane, With a Shore Ahardness 
of betWeen 60 and 95, and over a portion of the inner surface 
a metal insert (6) Which marries the external shape of 
endpiece The insert (6) is ?xed to a reinforcement (7) 
anchored in the ?exible casing (5) of stiffener This 
reinforcement (7) is composed, in the example described, by 
a number of tie-rods (8) connecting the end (9) of the insert 
(6) acting as a clamp and locking ring (10). The tie-rods (8) 
run parallel to the longitudinal X axis from endpiece (4) and 
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4 
have a threaded end (11) Which protrudes beyond ?ange (9) 
in order to alloW bolting of stiffener (2) to the ?ange formed 
on endpiece 

The reinforcement (7) increases the bending rigidity of 
the ?exible casing (5) and contributes greatly to the resis 
tance to axial traction and compression loads exerted on the 
stiffener When conduit (3) is subjected to bending. 

By Way of information, the ?exible casing (5) may 
stretch by 10 to 15% under the maximum imposed load and 
may undergo an elongation of 400% Without breaking. 

The ?exible casing (5) is in moulded polyurethane, 
moulded round insert (6) (Which affords reinforcement of 
the ?exible casing (5) over endpiece (6) due to the polyure 
thane shrinkage during curing). The stiffener is ?tted to the 
pipe by sliding it over ?exible conduit The stiffener 
?exible casing (5) has an annular gap of siZe e in relation to 
?exible conduit 

FIGS. 2 and 3 shoW a stiffener (13) conforming to a ?rst 
version of the Invention. This stiffener (13) has a ?exible 
casing (14) in moulded polyurethane, traversed by a number 
of Water circulation channels (15). The channels (15) are 
incorporated, in the example described, during moulding of 
the ?exible casing (14) using lifting-core moulding tech 
niques. As a variant, fused cores may be used, or any other 
recognised technique. 

The stiffener (13) may be broken doWn axially into three 
successive sections, referenced A, B and C Working back 
from endpiece Section A practically corresponds to the 
part of the stiffener (13) Which overlaps endpiece (4) and its 
external radial limits represent a surface (16) Which is 
generally a revolution cylinder about the longitudinal axis X 
of endpiece The outer limits of sections B and C are 
surfaces (17) and (18) Which taper aWay from section A, 
With the angle at the apex of surface (17) greater than that 
of surface (18). Section C is the section on Which the 
stiffener is relatively thin by comparison With the thickness 
along section Ain the part of section B, Which is adjacent to 
section A. 

Section A is the section of the stiffener (13) Which ?ts in 
endpiece (4), and the intermediate section B constitutes the 
stiffener “active” section, in that it prevents excessive bend 
ing of ?exible conduit 

The above-mentioned channels (15) are for the most part 
fed through the intermediate section B, in Which the tem 
perature at the interface With ?exible conduit (3) is likely to 
be the highest. By Way of information, the maximum 
thickness of the stiffener in section B may be at least 10 
times that of the ?exible conduit external polymer coating 
Which provides protection against external aggression for 
the ?exible conduit’s internal layers. 

In the Invention version described, each channel (15) has 
a main portion (15a) Which has a transverse semi-circular 
cross-section running parallel With the X axis, along the 
outer surface of the ?exible conduit, and opening onto the 
outside of the plastic casing 1‘ of stiffener (13) in tWo end 
portions angled along the X axis at points (15b) and (15c) 
respectively. Portion (15b) opens out more or less at the end 
of endpiece (4) adjacent to ?exible conduit Portion (15c) 
opens out in the thin section C of the stiffener. By Way of 
information, the diameter of channels (15) may be in the 
order of 50 millimeters. 

In the example described, eight channels (15) run 
through the stiffener casing located at equidistant angles 
around the longitudinal axis (2), as shoWn in FIG. 3. 

The temperature at the interface With the ?exible conduit 
can be maintained at beloW 50° C., thanks to the Invention, 
Which considerably reduces the polyurethane rate of 
hydrolysis and delays doWngrading of the stiffener mechani 
cal properties. 



6,009,907 
5 

FIG. 4 shows a stiffener (19) in conformity With a variant 
of the Invention. The stiffener (19) does not have a rein 
forcement (8), (10), to illustrate the fact that the Invention 
also applies to reinforcement-less stiffeners. The stiffener 
?exible casing, reference number (20), contains a number of 
cooling channels (21) located at an angle round longitudinal 
axis X. HoWever, unlike the previously described stiffener, 
channels (21) do not partly open out onto the internal surface 
(22) of stiffener (19) over ?exible conduit (3) but extend 
some distance from this internal surface (22). 

There is an annular clearance (23) With a gap e at the 
interface betWeen the ?exible casing (20) of stiffener (19) 
and ?exible conduit This annular clearance (23) is 
extended axially from the end (24) of endpiece (4) adjacent 
to ?exible conduit (3) to the end (25) of the thinner part of 
the stiffener (19), and enables ?tting of stiffener (19) by 
sliding it along ?exible conduit 

The axial plane cross-sections of channels (21) are 
generally similar in shape to those of channels (15) 
described above. It Will be seen that the channels (21) run 
through the stiffener ?exible casing close to the internally 
radial surface (22) so that they cool the internally most radial 
part of the stiffener ?exible casing. Preferably, as shoWn, the 
distance separating the surface (22) and the channels (21) is 
smaller than or equal to the diameter of the channels. 

FIG. 5 shoWs an axial cross-section of a stiffener (26) 
conforming to a variant of the Invention. This stiffener (26) 
comprises a ?exible casing (27) through Which a number of 
cooling channels (28) run distributed at an angle around 
longitudinal axis X. There is an annular clearance (29) With 
a gap e at the interface betWeen stiffener (26) and ?exible 
conduit (3) over the portion extending axially from endpiece 
(4) up to the reduced-thickness section of stiffener (26). 
Each channel (28) has a main portion (28a) running parallel 
to the longitudinal axis X and composed of a groove opening 
out toWards the annular gap (29). Each main portion (28a) 
meets endpiece (4) at its adjacent end, With a part of the end 
(28b) opening out at (31) onto stiffener (26) external surface, 
close to the end of endpiece (4) adjacent to ?exible conduit 
(3). The thinner end of the stiffener is not irrigated by the 
main portions (28a). 

In this example of the Invention, circulation of the 
cooling Water is through the annular gap (29) betWeen the 
thinner area at the end of the stiffener and ?exible conduit 
(3), through the main portions (28a) of channels (28), and 
through the end portions (28b) extending obliquely in rela 
tion to longitudinal axis X. 

FIG. 6 shoWs a stiffener (32) comprising a ?exible casing 
(33) ?tted With a reinforcement (34) composed of braided 
Wires. 

Metal inserts (35) and (36) are incorporated into the 
?exible casing (33) in order to act as heat exchangers 
enabling transfer of heat from the interface With ?exible 
conduit (3), to the exterior. 

The metal insert (35) has at one end a radial internal part 
(38) Which has a surface (39) forming part of the internal 
surface (40) of the ?exible casing (33) of stiffener (32) and 
at the other end a radial external part constituting a cooling 
?n (41), designed to dissipate the heat by convection and 
radiation to the exterior environment. More speci?cally, this 
?n (41) extends a distance over the external surface (42) of 
the ?exible casing (33) of stiffener (32) in order to form a 
gap (43) With the latter and dissipate the heat through its tWo 
main sides. The interior part (38) is connected to the ?n (41) 
via an intermediate part forming a heat conduction bridge 

(44). 
Metal insert (36) has a heat conduction bridge (45) 

connected to one end of the insert (6) ?tted to endpiece (4) 
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6 
in order to transfer the heat to insert The latter thus 
contributes to cooling the inner surface of the ?exible casing 
(33) of stiffener (32). At the other end of the heat conduction 
bridge (45), insert (36) has a radial internal part Which has 
a surface (46) Which constitutes part of the internal surface 
(40) of the ?exible casing (33) of stiffener (32) and Which 
acts as a radiation element in order to absorb the heat at the 
interface With ?exible conduit 

FIG. 7 shoWs a stiffener (32‘) constituting a variant of the 
stiffener (32) shoWn in FIG. 6. This variant of the Invention 
differs from the previous one in that the ?n, reference (41‘) 
is ?at against the outer surface of the stiffener. It Will be 
understood that in this version the exchange of heat With the 
outside is reduced insofar as it is only over one main side of 
?n (41‘). 

FIG. 8 shoWs a stiffener (47) comprising an intermediate 
?tting (48) located betWeen the ?exible casing (49) of the 
stiffener and ?exible conduit 

In this variant, the channels (50) are on the radial internal 
surface (51) of the intermediate ?tting (48) in order to enable 
?uid circulation betWeen the tWo axial ends (52), (53) of the 
stiffener. The channels (50) are equidistant at an angle 
around the longitudinal axis X and extend longitudinally 
over the Whole length of the intermediate ?tting (48). 

The ?exible casing (49) of stiffener (47) is in the example 
described force-?tted over the intermediate ?tting (48) but in 
a variant version it may be maintained over the latter by any 
method recognised by the industry, for example using a 
screW attaching the insert (6) and the intermediate ?tting 
(48). 

The intermediate ?tting (48) is manufactured from a 
hydrolysis-resistant material and has the necessary ?exibil 
ity to enable it to folloW the bending of ?exible casing (49) 
of the stiffener While preferably Withstanding any crushing 
betWeen ?exible conduit (3) and the ?exible casing (49) of 
the stiffener. 

The intermediate ?tting (48) may thus be manufactured 
in a polymer such as high density polyethylene or EPDM, 
for example. 

As can be seen from examination of FIGS. 8 and 9, there 
is an annular gap 54 e betWeen ?exible conduit (3) and 
intermediate ?tting (48). This gap enables ?tting of the 
intermediate ?tting (48) over ?exible conduit 

Where an intermediate ?tting (48) is used, the ?exible 
casing (49) of stiffener (47) may retain its integrity, Which is 
favourable in mechanical terms due to the fact that the 
channels described in previous variants constitute special 
areas in Which mechanical stresses may be concentrated and 
cause cracking, thus damaging the stiffener ?exible casing. 
Use of an intermediate ?tting also simpli?es the ?exible 
casing moulding operation, Which is carried out Without the 
cores used for the channels described in the variants shoWn 
in FIGS. 2, 4 and 5. 

In the above-described variants, the siZe e of the annular 
gap is chosen in order to enable the stiffener to be slip-?tted, 
and its value is preferably betWeen 2 and 16 mm, determined 
for example by taking 1 mm of gap per inch of ?exible 
conduit outer diameter. 

FIG. 10 shoWs a stiffener (55) conforming to another 
example of the Invention variants. This stiffener (55) com 
prises a ?exible casing (56) in polyurethane moulded over a 
metal insert Water circulation channels (58) are located 
on the inner surface of the ?exible casing (56) and are in the 
form of longitudinal grooves opening out in the direction of 
the ?exible conduit and extending axially betWeen endpiece 
(4) and the thinner section of the stiffener. Endpiece (4) has 
round its perimeter longitudinal grooves (60) Which enable 
Water to ?oW betWeen endpiece (4) and insert 
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In the example described, Water circulation is through the 
annular gap (59) located betWeen the thinner section of the 
?exible casing (56) and ?exible conduit (3), along channels 
(58) and grooves (60), to open out at ori?ces (62) at the axial 
end of stiffener (55) adjacent to endpiece As can be seen 
from examination of FIG. 11, the internal surface of insert 
(6) is in contact With the ribbing (61) formed around the 
perimeter of endpiece (4) and forming betWeen them 
grooves 

FIG. 12 shoWs a stiffener (63) conforming to an example 
of another version of the Invention. This stiffener (63) has a 
?exible casing (64) in polyurethane moulded over a metal 
insert The ?exible casing (64) is force-?tted over an 
intermediate ?tting (65) extending axially from the thinner 
end of the ?exible casing (64) up to endpiece This 
intermediate ?tting (65) is manufactured from a material 
chosen for its mechanical properties and its hydrolysis 
resistance, in the same Way as intermediate ?tting (48) in the 
example of the version described in FIG. 6. Longitudinal 
channels (72) and (68) are made respectively in the radially 
internal and radially external sides of the intermediate ?tting 
(65) as shoWn in FIGS. 13 and 14. More precisely, the 
channels (72) are composed of ?utings in the radially 
internal surface (67) of intermediate ?tting (65) and the 
channels (68) are made betWeen the ribbings (71) forming a 
protrusion on the radially external surface (69) of the 
intermediate ?tting (65). Communicating passages (70) are 
made in the axial end of intermediate ?tting (65) adjacent to 
endpiece These communicating passages (70) enable 
?uid to ?oW betWeen channels (72) and channels (68). 

In the example described in FIG. 12, Water circulation is 
from one axial end (75) toWards the opposite axial end of the 
stiffener, through channels (68), through channels (72) and 
the communicating passages (70), and through the ?uid 
channels (74) around the perimeter of endpiece (4), betWeen 
the latter and the radially internal surface of insert Water 
circulation is therefore on both of the main sides of inter 
mediate ?tting (65).The ?uid channels (74) are formed 
betWeen the ribbings (73) in contact With the radially 
internal surface of insert (6), as shoWn in FIG. 15. 

There is an annular gap (66) betWeen the radially internal 
surface (67) of intermediate ?tting (65) and ?exible conduit 
(3) to enable slip-?tting of intermediate ?tting (65). 

Naturally, the Invention is not limited to the variant 
examples Which have just been described. 

Without leaving the scope of this Invention, We may limit 
heating at the interface betWeen the stiffener and the ?exible 
conduit using forced circulation of a cooling ?uid, Which is 
illustrated very schematically in FIG. 16. In this Figure, the 
?exible casing (80) of the stiffener is traversed by conduit 
(77), carrying a liquid coolant circulated by a pump (78). 
The conduit (77) is linked thermally to a radiating element 
(Which is not shoWn in order to keep the diagram clear), 
Which absorbs the heat inside the stiffener ?exible casing 
around the internal surface of the ?exible casing (80). The 
liquid coolant is fed to the other radiating element (79) and 
is cooled by heat exchange With the external environment. 

This device enables variations in the temperature of the 
external environment to be overcome, since they affect the 
ef?ciency of the cooling at the interface betWeen the stiffener 
and the ?exible conduit. 

This type of device also provides for ef?cient cooling 
Where the stiffener may only be partly submerged, or is not 
yet submerged but is subjected to a humid atmosphere. 

The Invention also applies to stiffeners Which have a 
?exible casing manufactured from an elastomer material 
other than polyurethane but sensitive to hydrolysis. 
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The material chosen for manufacture of the stiffener 

?exible casing ideally has a composition appropriate to 
preventing attachment of living matter, such as a chlorous 
compound, for example. 

In a variant of the Invention not shoWn here, it is possible 
to have a suf?cient gap betWeen the ?exible conduit and the 
stiffener ?exible casing to provide the required cooling, by 
inserting ?exible spacers betWeen the ?exible conduit and 
the stiffener ?exible casing. Water circulation channels are 
then formed along these spacers by local separation of the 
parts betWeen the ?exible conduit and the stiffener ?exible 
casing. This affords Water ?oW by opening the axial ends of 
these channels adjacent to the endpiece using any appropri 
ate means, for example using inclined channels along the 
longitudinal axis such as the channels (28b) described and 
referenced in FIG. 5 or by means of channels formed 
betWeen the insert (6) and endpiece (4) such as channels (60) 
in FIG. 10. Of course, We do not leave the scope of the 
Invention by leaving out insert 

The Invention may ideally dissipate the heat at the 
interface betWeen the stiffener and the ?exible conduit in an 
entirely passive fashion, With Water circulation induced by 
the thermo-syphon phenomenon. HoWever, Without leaving 
the scope of the Invention We may employ forceed-Water 
circulation by mechanical means external to the stiffener. 

I claim: 
1. A stiffener for ?tting to a pipe for use in a marine 

environment for carrying a heated ?uid, Wherein the pipe 
comprises a ?exible conduit used in the marine 
environment, 

the stiffener comprising a ?exible casing located over at 
least a part of the ?exible conduit, and an interface 
de?ned betWeen the stiffener and the ?exible conduit; 
and 

means at the conduit for dissipating heat at the interface 
betWeen the stiffener and the conduit. 

2. The stiffener of claim 1, Wherein the means for dissi 
pating heat further comprises means for establishing forced 
circulation of a cooling ?uid inside the stiffener. 

3. The stiffener of claim 1, Wherein the pipe is adapted for 
conducting hot ?uid circulating in the ?exible conduit at 
betWeen 80° C. and 200° C. 

4. The stiffener of claim 1, Wherein the stiffener has a 
length of at least 1.5 M. 

5. The stiffener of claim 1, Wherein the ?exible casing of 
the stiffener is comprised of a polyurethane. 

6. Apipe comprising a ?exible conduit for use in a marine 
environment combined With the stiffener of claim 1. 

7. The stiffener of claim 1, further comprising the stiffener 
being shaped and siZed so that an annular gap is located at 
the interface betWeen the stiffener and the ?exible conduit. 

8. The stiffener of claim 7, Wherein the annular gap is 
siZed betWeen 2 and 16 mm. 

9. The stiffener of claim 1, Wherein the means for dissi 
pating heat comprise at least one metal insert capable of 
conducting heat at disposed for conducting heat from the 
interface betWeen the stiffener and the ?exible conduit to the 
exterior of the stiffener. 

10. The stiffener of claim 9, Wherein the insert includes a 
heat sink ?n external to the casing and capable of dissipating 
heat by convection and/or radiation. 

11. The stiffener of claim 1, Wherein the means for 
dissipating heat includes an intermediate ?tting located 
betWeen the ?exible casing of the stiffener and the ?exible 
conduit. 

12. The stiffener of claim 11, Wherein the intermediate 
?tting incorporates at least one Water circulation channel. 
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13. The stiffener of claim 1, wherein the means for 
dissipating heat comprise at least one Water circulation 
channel inside the casing of the stiffener. 

14. The stiffener of claim 13, further comprising the 
stiffener being shaped and siZed so that an annular gap is 
located at the interface betWeen the stiffener and the ?exible 
conduit. 

15. The stiffener of claim 13, Wherein the stiffener has a 
length of at least 1.5 M. 

16. The stiffener of claim 13, Wherein the ?exible casing 
of the stiffener is comprised of a polyurethane. 

17. The stiffener of claim 13, Wherein there are a plurality 
of the Water circulation channels in the stiffener at a distance 
from a stiffener internal surface over the ?exible conduit 
Which is less than or equal to the diameter of the channels. 

18. A pipe comprising a ?exible conduit for use in a 
marine environment and the stiffener of claim 13. 
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19. The stiffener of claim 13, further comprising a plu 

rality of the Water circulation channels in the stiffener With 
a spacing apart less than or equal to tWice the diameter of the 
channels. 

20. The stiffener of claim 19, Wherein the spacing betWeen 
the Water circulation channels is equal to their diameter. 

21. The stiffener of claim 13, Wherein the Water circula 
tion channel opens out to the interface betWeen the stiffener 
and the conduit. 

22. The stiffener of claim 21, further comprising the 
stiffener being shaped and siZed so that an annular gap is 
located at the interface betWeen the stiffener and the ?exible 
conduit. 

23. The stiffener of claim 22, Wherein the annular gap is 
siZed betWeen 2 and 16 mm. 


